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$m,$ $r$ $m\underline{>}1,$ $r\underline{<}0$ .
$\lambda_{m}^{r}$ .
$\lambda_{m}^{r}$ : $1_{\frac{\mathrm{i}\mathrm{m}}{n}}\mathbb{Q}_{p}(\zeta_{p^{n}})^{\mathrm{x}}arrow H^{1}(\mathbb{Q}_{p}(\zeta_{p^{m}}), \mathbb{Z}_{p}(r))arrow \mathbb{Q}_{p}(\zeta_{p^{m}})\exp^{*}$ .
$H^{1}(\mathbb{Q}_{p}(\zeta_{p^{m}}), \mathbb{Z}_{p}(r))$ Galois cohomology, (r) Tate
. $\lambda_{m}^{r}$
, 3 .




$r\underline{>}0$ $\lambda_{m}^{r}$ , Perrin-





$\lambda_{m}^{r}$ : $((1-\zeta_{p^{n}}^{q})(1-\zeta_{p^{n}}^{-a}))_{n}\vdasharrow(2\pi i)^{-k}\cdot((_{a\equiv(p^{m})}+(-1)^{k}\zeta_{-a\equiv(p^{m})})(k)$ .
(1)
$a\in \mathbb{Z}$ . $k=1-r$ , $M,$ $m\in \mathbb{Z},$ $M\geq 1$
118
118
, $\zeta_{\equiv a(M)}(k)$ Riemann
$(_{\equiv a(M)}(s)=$
$\sum_{j\geq 1,j\equiv a\mathrm{m}\mathrm{o}\mathrm{d} M}j^{-s}$





2 Galois cohomology $H^{1}(\mathbb{Q}_{p}(\zeta_{p^{m}}), \mathbb{Z}_{p}(r))$
. (1) # ,
( $(1-\zeta_{p^{n}}^{q})(1$ -\mbox{\boldmath $\zeta$}p-na)) $\in\lim_{arrow}\mathbb{Q}_{p}(\zeta_{p^{n}})^{\mathrm{x}}$ (











, (1) , $\mathrm{B}\mathrm{e}\mathrm{i}\mathrm{l}\mathrm{i}\mathrm{n}\mathrm{s}\mathrm{o}\mathrm{n}$ elements
[Sh]& $\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{i}\mathrm{o}\mathrm{d}$ integral t cusp
119
form Eisenstein series 2
, (3 ).
[Fu2] ( $\mathrm{A}$ $\mathrm{a}$ , $\mathrm{B}\mathrm{e}\mathrm{i}\mathrm{l}\mathrm{i}\mathrm{n}\mathrm{s}\mathrm{o}\mathrm{n}$ elements J
$K$ Coleman $K_{2}$ Coleman
, p








($=K_{1}$ ) Coleman (Coleman [Co]).
[Ful] ,




$d$ 1 . $\mathrm{H}$ $(0, p)$
, $p$ .
$\mathrm{k}$ $[\mathrm{k} : \mathrm{k}^{p}]=p^{d-1}$ .
$q_{1},$
$\ldots,$





, . $n\underline{>}1$ , $\mathrm{H}$
$\overline{\mathrm{H}}$ $q_{i}(i=1, \ldots, d-1)$ $p^{n}$ $q_{i}^{1/p^{n}}$
$(q_{i}^{1/p^{n+1}})^{p}=q_{i}^{1/p^{n}}$ . .







$S=O_{\mathrm{H}}[\epsilon-1]]$ . $\epsilon$ .





2.3.1. $L$ $i\geq 0$ { , $K_{i}^{M}(L)$ $d$ MilnorK
[Mi] .
$K_{i}^{M}(L)=L^{\mathrm{x}}\otimes\cdots\otimes L^{\mathrm{x}}/\langle$
$a_{1}\otimes\cdots\otimes a_{d}$ ; $a_{i}+a_{j}=1$ for some $i\neq j\rangle$ .
$a_{1}\otimes\cdots\otimes a_{d}$ $\{a_{1}, \ldots, a_{d}\}$ .
$A$ $S$ $O_{\mathrm{H}_{n}}$ , .
121
$K_{d}^{\Lambda f}(A)=\langle$ $\{a_{1}\otimes\cdots\otimes a_{d}\};a_{i}\in A^{\mathrm{x}}$ for all $i-\}\rangle$ $\subset K_{d}^{\mathit{1}\mathrm{t}t}(\mathrm{F}\mathrm{r}\mathrm{a}\mathrm{c}(\mathrm{A}))$
. Fkac(A) $A$ .
$dM(A)=1\mathrm{i}_{\mathrm{l}}\mathrm{n}K_{d}^{M}(arrow- A)/\mathcal{U}^{(r)}K_{d}^{M}(A)r$
. $m_{A}$ $A$ , $\mathcal{U}^{(r)}K_{d}^{M}(A)=$





$\{f\in\hat{K}_{d}^{M}(A) ; \mathrm{N}(f)=f\}$ .
$\varphi$ : $Sarrow S$ . $\varphi|_{\mathit{0}_{\mathrm{H}}}$ 2
: $\varphi \mathrm{m}\mathrm{o}\mathrm{d} p:\mathrm{k}arrow \mathrm{k}$ p , $i=1,$ $\ldots,$ $d-1$
( , $\varphi(q_{i})=q_{i}^{p}$ , $\#$} , [ $\varphi(\epsilon)=$
$\epsilon^{p}$ . $\varphi$
. $\varphi$ $\varphi$ : Frac(S)\rightarrow Rac(S) , $p^{d}$
, Milnor $K$
$\mathrm{N}$ : $K_{d}^{M}(\mathrm{F}\mathrm{r}\mathrm{a}\mathrm{c}(\mathrm{S}))arrow \mathrm{K}_{\mathrm{d}}^{\mathrm{M}}(\mathrm{H}\mathrm{k}\mathrm{a}\mathrm{c}(.\mathrm{S}))$ . Milnor
$K$ $\mathrm{N}$ (2) .







$\theta_{n}$ : $O_{\mathrm{H}}arrow O_{\mathrm{H}(q_{1}^{1/p^{n}}},\ldots$ , $q_{d-1}^{1/p^{n}}$ )
$\theta_{n}(q_{i})=q_{i}^{1/p^{n}}(i=1, \ldots, d-1)$
$\mathrm{k}arrow \mathrm{k}(q_{1}^{1/p^{n}}, \ldots, q_{d-1}^{1/p^{n}})$ $x\vdash+x^{1/p^{n}}$
.
$h_{n}$ : $Sarrow O_{\mathrm{H}_{n}}$ ; $h_{n}( \sum_{m=0}^{\infty}a_{m}(\epsilon-1)^{m})=\sum_{m=-r}^{\infty}\theta_{n}(a_{m})(\zeta_{p^{n}}-1)^{m}$
$(a_{m}\in O_{\mathrm{H}})$ ,
$\Psi_{n}$ : $\hat{K}_{d}^{M}(S)arrow 1_{\frac{\mathrm{i}\mathrm{m}}{n}}\hat{K}_{d}^{M}(O_{\mathrm{H}_{n}})$
{ $f_{1},$ $\ldots$ , fd}\mapsto {hn( ), . . . , $h_{n}(f_{d})$ } $n\underline{>}$
$1$ , 2.2 .
24. 2.2 , $d=1$ Cole-





3.1. $i=1,$ $\ldots,$ $d-1$ ,
$T_{i}=T_{p}(\overline{\mathrm{H}}^{\mathrm{x}}/q^{\mathbb{Z}})$
123
. $e_{i}$ $=(q_{i}^{1/p^{n}})_{n},$ $e_{i}’=(\zeta_{p^{n}})_{n}$
2 $\mathbb{Z}_{p}$ .
$T=\mathrm{S}\mathrm{y}\mathrm{m}_{\mathbb{Z}_{p}}^{a_{1}}(T_{1})\otimes\cdots\otimes \mathrm{S}\mathrm{y}\mathrm{m}_{\mathbb{Z}_{p}}^{a_{d}}(T_{d-1})$





3.2. \lambda rd, .
\lambda 5, :
$\lambda_{d,m}^{r}$ : $1_{\frac{\mathrm{i}\mathrm{m}}{n}}\hat{K}_{d}^{M}(\mathrm{H}_{n})arrow 1_{\frac{\mathrm{i}\mathrm{m}}{n}}H^{d}(\mathrm{H}_{n}, (\mathbb{Z}/p^{n}\mathbb{Z})(d))$
$\cup e\cdot(\zeta_{p^{n}}^{\mathrm{r}-d})_{n}arrow 1_{\frac{\prec \mathrm{i}\mathrm{m}}{}}H^{d}(\mathrm{H}_{n}, (T/p^{n}.T)(r))$
$n$
$arrow H^{d}(\mathrm{H}_{m}, T(r))$
$\exp^{*}arrow D_{\mathrm{d}\mathrm{R}}^{r-d+1}(\mathrm{H}_{m}, V)\otimes\Omega_{\mathrm{H}_{m}}^{d-\mathrm{I}}/\nabla(D_{\mathrm{d}\mathrm{R}}^{r-d12}(\mathrm{H}_{m}, V)\otimes\Omega_{\mathrm{H}_{m}}^{d-2})$ .











$H^{d}$ ( $\mathrm{H}_{m}$ , T(r))\rightarrow Hd(H ’ $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{p}}^{0}\otimes_{\mathbb{Z}_{p}}T(r)$)
(cf.[Kal], \S 2, Proposition 2.3.3 (2))
$H^{d}(\mathrm{H}_{m}, B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{\mathrm{p}}}^{0}\otimes_{\mathbb{Z}_{p}}T(r))$ (3)
$\cong D_{\mathrm{d}\mathrm{R}}^{r-d+1}(\mathrm{H}_{m}, V)\otimes\Omega_{\mathrm{H}_{m}}^{d-1}/\nabla(D_{\mathrm{d}\mathrm{R}}^{r-d+2}(\mathrm{H}_{m}, V)\otimes\Omega_{\mathrm{H}_{m}}^{d-2})$
.
$B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{p}}(\subset)B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}$
Fontaine radic periods ([Fo] ) ,
. ( $\mathrm{H}$
[Ts] .) $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{\mathrm{p}}}$
, $\overline{\mathrm{H}}$ p . $\mathbb{Q}_{p}$
. $i$ $v$ : $B_{\mathrm{d}\mathrm{R}}^{\mathrm{x}}arrow \mathbb{Z}$
, $B_{\mathrm{d}\mathrm{R}}^{i}=\{x\in B_{\mathrm{d}\mathrm{R}} ; v(x)\geq i\}$ .
$B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}$ $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{p}}$ $d-1$
. $d=1$ $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}=B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{p}}$ . $\mathrm{H}$
$K(\subset\overline{\mathrm{H}})$ , $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}$ $K$ , $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{p}}$
$\mathrm{A}\mathrm{a}$ . $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}$ decreasing filtration $(B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}^{i})_{i}$ ,
connection $d$ : $B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}^{i}arrow B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathrm{H}}^{i-1}\otimes\Omega_{\mathrm{H}}^{1}$ $d(B_{\mathrm{d}\mathrm{R},\overline{\mathrm{H}}/\mathbb{Q}_{p}})=0$
. connection $d$
:








3.3. . $T_{i}$ $x\in T_{i}$ ,
$x_{\mathrm{d}\mathrm{R}}\in D_{\mathrm{d}\mathrm{R}}(\mathrm{H}, V_{i})$ .
$e\in T$ , $e_{\mathrm{d}\mathrm{R}}\in$




dlog : $K_{d}^{M}(S)arrow\Omega_{S}^{d}$ ; $\{a_{1}, \ldots, a_{d}\}\vdasharrow\frac{da_{1}}{a_{1}}\wedge\cdots\wedge\frac{da_{d-1}}{a_{d-1}}$ .
3.4
$\lambda_{d,m}^{r}$ : –$n\mathrm{m}$ $\hat{K}_{d}^{M}(O_{\mathrm{H}_{n}})$








$B^{d10}\Omega_{S}^{d}=S\cdot d\log(q_{1})\wedge\cdots\wedge d\log(q_{d-1})\wedge d\log(\epsilon)$
$arrow S\cdot d\log(q_{1})\wedge\cdots\wedge d\log(q_{d-1})\underline{\simeq}$
$arrow D_{\mathrm{d}\mathrm{R}}^{r-d+1}(\mathrm{H}_{m}, V)\otimes\Omega_{\mathrm{H}_{m}}^{d-1}/\nabla(D_{\mathrm{d}\mathrm{R}}^{r-d+2}(\mathrm{H}_{m}, V)\otimes\Omega_{\mathrm{H}_{m}}^{d-2})$ .
2.2 $K$ Coleman
. (5) $d\log$ dlog :
$K_{d}^{M}(S)arrow\Omega_{S}^{d}$ . (5)











3.5. $d=2$ 2.2 , 1
11
127
.$\lim_{n}K_{2}(Y(arrow Mp^{n}, Np^{n}))arrow M_{k}(X(Mp^{m}, Np^{m}))\otimes \mathbb{Q}_{p}$ , (5)
([Ka2] . $M,$ $N$ , $k,$ $r$ $k\geq$
$2,1\leq r\leq k-1$ , , $\mathrm{Y}(\mathrm{Y}(Mp^{n}, Np^{n}))$ { modular
curve, $M_{k}(X(Mp^{m}, Np^{m}))$ . )
, Beilinson elements
$\in\varliminf K_{2}(\mathrm{Y}(Mp^{n}, Np^{n}))$ (5) [Sh]
$n$
$\mathrm{p}\mathrm{e}\mathrm{r}\mathrm{i}\mathrm{o}\mathrm{d}$ integral $k$ cusp form
Eisenstein series 2 ,
. (5) Beilinson elements
[Ka2], 3.4
([Fu3] ) .
( $d=3$ { , 3.4 modular curve $\mathrm{x}$ modular
curve I , cusp form symmetric square
Euler
.
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